Changes in extreme precipitation have been observed in regions where frequent rainfalls occur over short periods of time followed by prolonged droughts, creating, as a result, new watershed scenarios. Recent studies have attributed such occurrences to possible climate changes. This paper analyzes the correlation between extreme events recorded in the Sub-basin 39, located in Northeastern Brazil, and the anomalies caused by sea surface temperature -SST and the atmospheric systems operating in the region. Pearson correlation coefficients have been used combined with the variables analyzed. For such, trends in precipitation have been obtained by using the method of least squares together with linear regression and the Student's t test. The results obtained have demonstrated that due to the geographical position of the region investigated, both maximum extreme events (areas with positive trends) and minimum extreme events (areas with negative trends) are more dependent on the Dipole Atlantic than on the effects of El Niño Southern Oscillation -ENOS.
INTRODUCTION
Climate change has become the main topic of discussion in recent decades. Global warming and its various consequences, including changes in rainfall, have attracted researchers' attention worldwide . According to Santos et al. (2014) , climate warming over the past few years may be attributed to changes in the components of both the hydrological cycle and the hydrological system, such as precipitation patterns. Farias and Nóbrega (2010) reported that extreme events, like severe droughts or excessive flooding, can cause serious problem to the public at large, bringing about floods in huge urban areas and prolonged droughts in rural areas.
The IPCC (2013), on its fifth Activity Report, investigates further the present topic, including the part related to Northeastern Brazil. This is the case of disuniformities along the hydrologic cycle in response to global warming in the twenty-first century: rainfall increased contrast between wet and dry regions; and the likely increase in intensity and frequency of maximum extreme precipitation events over greater part of the humid tropics. Farias and Nóbrega (2010) showed a tendency towards increased rainfall in greater part of the State of Pernambuco. On the other hand, Santos et al. (2014) noticed a reduction in rainfall in the Una river basin in Pernambuco. Also in the same State, reduced rainfall was observed to occur in the Brigida and Pajeú river basins along the Hinterland. Reduced rainfall was also noticed in the Capibaribe basin in the Agreste, according to Assis, Sobral and Souza (2012) , and , respectively. Souza and Azevedo (2012) observed an increase in heavy rainfalls in Recife.
According to Araújo and Brito (2011) , the Northeast Brazil (NEB) has its climate variability related to varying patterns at global scale. Such patterns have been associated with thermal fluctuations over the Pacific and Atlantic oceans. In the Pacific Ocean, the oceanographic phenomenon El Niño causes variations and periodic fluctuations at seasonal and inter-annual scales as a result of the interaction between the ocean and the atmosphere. On the other hand, the tropical Atlantic Ocean is characterized by a strong seasonal pattern that manifests itself mainly as a southern shift of the Inter Tropical Convergence Zone (ITCZ). Menezes et al. (2008) added that the ENSO (El Niño Southern Oscillation) and the Tropical Atlantic Dipole directly affect the position of the ITCZ which, in turn, influences the distribution of rainfall over the NEB.
According to Mendonça and Danni-Oliveira (2007) , El Niño is a phenomenon characterized by the anomalous warming of surface waters in the central and eastern part of the Pacific Ocean, near South America, more particularly along the Peruvian coast. The anti-El Niño, also called La Niña, is represented by the unusual cooling of the Pacific waters. As observed by Cavalcanti et al. (2009) , during El Niño, the sea surface temperature (SST) over the Equatorial Pacific Ocean, both Central and East, is warmer than usual, increasing, as a result, the atmospheric convection in these regions. Cavalcanti et al. (2009) have also observed that, in the Western Pacific, where convection and precipitation decrease, the TSM cools off. Marcuzzo and Romero (2013) considered that both El Niño and La Niña play a significant role in the temporal distribution of anomalies during maximum daily rainfall, causing either an increase or decrease of rain along periods of sharp changes in the average temperature of the Pacific Ocean. According to Sousa et al. (2015) , the impact of the El Niño (La Niña) -depending on its intensitycan cause severe droughts (floods), producing a significant impacts on the Northern/Northeastern Brazil economy. Ferreira and Mello (2005) observed that El Niño is responsible for the dry years or the very dry years in the NEB, mainly when it comes in combination with the Atlantic positive dipole which is most unfavorable to rainfall. La Niña, on the other hand, is associated to the negative dipole of the Atlantic, which is most favorable to rainfall. This phenomenon is usually responsible for the years considered normal, rainy or very rainy in the region. In years with positive or negative SST anomalies, the Hadley cell, which runs southernwards (the ascending branch of the tropics and the descending branches of the subtropics) and the Walker cell, which runs in zonal direction (the ascending branch in the western Pacific and the descending branch in the eastern Pacific) may be disturbed, causing strong anomalies in the atmospheric circulation over the tropics, since these cells are displaced from their climatological positions, affecting the intensity and duration of the rainy season.
According to Cavalcanti et al. (2009) , the anomalous SST gradient between the Tropical North Atlantic and the Tropical South Atlantic affects rainfall in the NEB. This is because it acts on the position of the ITCZ which controls the rainy season in the region. Moura et al. (2009) state that the current knowledge of the Atlantic dipole, together with information on ENSO episodes help implement better rainfall predictions in the NEB.
As observed by Santos and Brito (2007) and Santos and Manzi (2011) , the SST negative anomalies (positive) over the North Atlantic Ocean, and the positive (negative) anomalies over the South Atlantic Ocean, produced the displacement of the ITCZ southwards (northwards), favoring rainfall events (inhibition of rain) on the NEB. Moura et al. (2009) noticed that, when the ITCZ takes place in the northern hemisphere, it exhibits an SST much warmer than usual. This favors the occurrence of drought in the NEB. When the ITCZ is found further south, along the coast of the NEB, the water becomes hotter than normal. This implies that precipitation is above the climatological average for the NEB.
The present work is based on the presence of an increased rate of occurrence and on the magnitude of extreme precipitation events in recent years as observed in the eastern sector of the NEB, where the Sub-basin 39 is located. The main goal of our study is to define the influence of El Niño/Southern Oscillation (ENSO) and that of the Atlantic Dipole on the maximum and minimum daily extreme precipitations on the NEB sector. All results obtained here represent an important scientific contribution to both researchers and institutions worldwide; leading to studies whose main objective will be to implement a better understanding of these phenomena. Moreover, the management of water resources and security systems to benefit the Sub-basin 39 population will be most vital, since rainfalls are getting scarcer, or otherwise they hit the region with such an impact so as to cause severe floods, endangering entire cities (MARENGO et al., 2011).
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MATERIAL AND METHODS
Characterization of the study area
According to Salgueiro et al. (2014) , with a population of 9,257,696 inhabitants, according to the 2010 census of the Brazilian Institute of Geography and Statistics (IBGE) (Salgueiro et al., 2014) . The zonal division of climates in Brazil includes the Sub-basin 39 as part of the Climate Tropical Eastern Northeast, featuring "hot climate" in greater part of its territory with small occurrences of "subquente Climate" (IBGE, 2014) . The Sub-basin 39 is geographically divided into the following sections: Litoral, Mata and Agreste. The first two sections have the highest rainfall totals, while the third, with an intermediate region in between the moist warm areas (Litoral and the Zona da Mata) and semiarid (Hinterland), presents zonal climate similarities to those two forms (PERNAMBUCO, 2006) . In the Agreste, the semi-arid climate stands out in the Middle Capibaribe and near the São Francisco river basin.
The weather phenomena actuating in the Sub-basin 39 are the same as those found in the NEB. According to Wanderley et al. (2013) , the distribution of rainfall in the NEB is influenced by the interaction of both Pacific and Atlantic Oceans; such is the case of the Pacific decadal Oscillation, the Atlantic Dipole and the ENSO. As regards the rain-inducing weather systems in the region, one may call attention to the following: the ITCZ, the frontal systems, squall lines, cyclonic vortices at high levels, wavelike disturbances or the easterly waves and convective complexes in meso-scale. For SECTMA (PERNAMBUCO, 2006) , the ITCZ represents the main rainfall producing system in the semiarid region. It operates mainly in the months of March and April. In some years, it occurs in February and May. The easterly waves, which form over the Atlantic Ocean, reach the coast and the forest zone bringing about heavy rains in the period that extends from May to August.
As to the region's geomorphology, the "Eastern Plateau of Borborema" extends throughout the western Sub-basin 39 (IBGE, 2014) . According to SECTMA (PERNAMBUCO, 2006) , in the east-west direction along the Pernambuco section, the coastal plain anticipates the hills and savannas, which in turn precede the plateaus with altitudes that reach up to 800 m. Rainfall is influenced by these heights as a result of strong orographic effects.
Network monitoring and data consistency
As regards quality criteria, length of period and location of points of measurement on time series, 16 conventional rain gauge stations were selected in order to set up a rainfall network over the Sub-basin 39 (Figure 2) .
Nevertheless, the data obtained from the following official bodies have been examined: Pernambuco Agency of Water and Climate / Institute of Technology of Pernambuco (APAC / ITEP), the National Institute of Meteorology (INMET) and the National Water Agency / Geological Survey of Brazil (ANA / CPRM). Based on these data, it was possible to build up a specific database to support the present research, in which periods of daily observation of 70 years dated from 1943 until 2012 have been considered.
For the consistency of all the data derived from the time series (homogenization and gap fillings), the Methods of Multiple Linear Regression and Dual-mass were employed. Afterwards, all series were subjected to statistics and exploratory analyzes, mainly to check for the presence of outliers and precipitation trends.
Punctual rainfall indices
In order to determine the trends at each rainfall station, version 2.14.1 of the RClimdex software was used. This Influence of oceanic-atmospheric interactions on extreme events of daily rainfall in the Sub-basin 39 located in Northeastern Brazil from the daily series of annual rainfall in each season. These indices have been recommended and fully described by Zhang and Yang (2004) in Table 1 .
The RClimdex program together with the climate indices recommended by the World Meteorological Organization (WMO) have been widely used at all scales to detect precipitation trends. In Brazil, some studies can be cited, such as: Santos et al. (2012a) , who applied to the part of Northern Brazil, including the North, Northeast, Midwest and part of the Southeast; Santos et al. (2012b) applied to Manaus; Pinheiro, Graciano and Severo (2013) in southern Brazil; Santos et al. (2012c) applied to the city of Rio Claro, São Paulo; Wang et al. (2012 Wang et al. ( , 2013 and Jiang et al. (2013) applied to China, and Santos et al. ( , 2012d ) who applied to Utah and Idaho, USA.
The program can assess data quality and uses a linear Regression Method associated with the least-squares. The main statistical data provided for each calculated index are: the trend set by the slope of the line (slope coefficient); the level of statistical significance of the trend obtained by the test "Student's t"; the coefficient of determination (R 2 ); and the standard error of estimate (EPE). To confirm the presence of a tendency (positive or negative) in the series, one should verify initially whether the tendency obtained is higher than the standard error of estimate. At the same time, one should evaluate its statistical significance. At the same time statistical significance is evaluated. According to Zhang and Yang (2004) , the trend will be significant if p <0.10. When p> 0.10, it can be said that the trends are not statistically significant and that there are no trends in the series.
Regional rainfall indices
Based on the increasing and decreasing results derived from statistically important indices resulting from each rainfall series processed in the Sub-basin 39, a bipolar separation of these trends regarding each index was applied: on one side, the set of positive trends, and on the other, the set of negative trends over each index. In order to provide regional representation for each index (positive and / or negative), the arithmetic average of all indices on each set-point was calculated. The selection of biased results caused the formation of the indices obtained at the Sub-basin 39, such as: "positive regional trend indices" and "negative regional trend indices". These indices will be given different representations by means of underlines.
SST anomalies indices
The Number of days with greater precipitation than or equal to the median (days) RX1day
Maximum height precipitation in one day (mm) RX5day
Maximum Height precipitation in five days (mm) SDII Simple index daily intensity (mm) R10mm
Number of days with precipitation less than 10 mm (days) R50mm
Number of days with precipitation less than 50 mm (days) R99p
Total annual precipitation of extremely wet days (mm) CWD Maximum number of consecutive wet days (days) Salgueiro et al.
Determining the correlation coefficients
The "Pearson Method" was used to calculate all linear correlations. The method was applied to both positive and negative regional trends and to the indices of SST anomalies given by NOAA (2014). Then, the resulting data were evaluated as to their statistical significance of 1%, 5% and 10% and degree of freedom (n-2). For this, test statistics and critical values were determined. Rejections of the null hypothesis h 0 revealed the existence of a linear correlation between some of these combinations. According to Naguettini and Pinto (2007) , the linear correlation coefficient can be represented by ρ. The variables X and Y are statistically independent, consequently one would expect that ρ = 0. To test the hypothesis that the correlation coefficient is equal to zero, it should be taken that: H 0 : ρ = 0 and H 1 : ρ ≠ 0. The appropriate statistics for this test is: ( 1) where t 0 is the test statistic; n is the sample size and r is the estimate of the correlation coefficient. Under the assumption of the null hypothesis H 0 : ρ = 0. The null hypothesis is rejected if:
where, 
RESULTS AND DISCUSSION
SST influence on maximum extreme events Table 2 shows Pearson linear correlation coefficients resulting from adjustments between the indices of the SST anomalies and the rates of positive regional trends calculated for Sub-basin 39. Significant statistical correlations have demonstrated that precipitation with positive trends, as detected at Sub-basin 39, is far more influenced by variations of SST in the Atlantic Ocean than by the same variations in the Pacific Ocean. Consequently, it has been observed a higher concentration of significant levels in the Atlantic (TNAI and TSAI) in relation to those measured in the Pacific (1 + 2, 3, 3.4, 4, ION, IOS). These correlations amounted to 21% of the total correlated.
During evaluation procedures in the Pacific, El Niño regions were analyzed, such as those in the eastern parts (Costa del Peru), central and west (near the Australian continent). The only regions with negative significant correlations that confirmed little influence of SST in intense rainfall (positive trend), were: a) (Niño 1 + 2) in annual precipitation with percentiles above 99%; b) (ION), annual rainfall above 50 mm; c) (IOS), with rainfall above the median annual maximum daily precipitation and above 50 mm.
Although most Pacific SST anomalies do not relate significantly to the maximum extreme precipitation in the Sub-basin 39, the negative correlation coefficients, near the coast of Peru (Niño 1 + 2) exhibit a descending branch, with cold water and high pressure, inhibiting the formation of clouds. This condition maintains the Walker cell unchanged pointing towards a typical case of La Niña, mainly on the wetter areas of the Sub-basin 39, especially along the Litoral and Zona da Mata.
In the Atlantic Ocean, all important correlations demonstrate that the SST anomalies as measured on the areas above (TNAI) and below (TSAI) the Equator give rise to a negative phase dipole (Hadley cell). Under such conditions, the South Atlantic waters turn warmer with more intensified trade winds, pushing the position of the ITCZ further south, favoring effectively the occurrence of rainfall in the region, causing both the coming of continuous wet days and maximum extreme rainfall in the NEB and in the Sub-basin 39.
Considering this approach, it has been assumed that the influence of both Pacific and Atlantic Ocean's surface thermal variations may cause the occurrence of maximum extreme events which extend on to the wetlands' rainy season (Litoral and Zona da Mata) in the Sub-basin 39. On the other hand, the influence of the dipole is more decisive than that of ENOS. However, SECTMA (PERNAMBUCO, 2006) argues that there are other systems that also act as integral parts of these extremes, especially the wavelike system disturbances coming from the east (easterly waves). These have been the cause of major storms in the region, such as the June 2010 floods in Pernambuco and Alagoas. As the ITCZ acts from February to May in rainy years, easterly waves turn up from May to August (PERNAMBUCO, 2006). TSM influence on the smallest extreme events Table 3 shows the Pearson linear correlation coefficients adjusted in between the indices of SST anomalies and the levels of the negative regional trends calculated for the Sub-basin 39. The regional indices Rx1day and Rx5day have not proved negative. Significant statistical correlations represent 36% of the total correlated, with much higher concentration levels measured in the Pacific (1 + 2, 3, 3.4, 4, ION, IOS) than those found in the indices (TNAI and TSAI) taken in the Atlantic.
Despite the fact that Pearson coefficients varied from 0 to 1 in absolute values, a range from 0.211 to 0.442 with statistical significance was observed. Such order of magnitude is considered normal for correlations of SST indices for the NEB region: as investigated by Santos and Manzi (2011) for the state of Ceará, and by Santos and Brito (2007) for the Brazilian semi-arid and by Araújo and Brito (2011) for Bahia and Sergipe.
Throughout the Pacific evaluation, all regions of El Niño were analyzed. Despite the fact that SST anomalies are more correlated to the Pacific near the coast of Peru (Niño 1 + 2), the negative coefficients resulting from correlations with regional rainfall of negative trends reveal a downward branch, as it happens to the branch established by regional rainfall with positive trends in the wetlands, maintaining the same behavior of the Walker cell, which points towards a La Niña condition.
In the Atlantic dipole, important correlations have demonstrated that the SST anomalies observed below the equator (TSAI), where the water is cooler, influence the positioning of the ITCZ further north as a result of an intensification of trade winds coming from the Northeast. This inhibits cloud formation and favors the occurrence of severe and prolonged droughts in the semi-arid regions of the Sub-basin 39, as observed in the Middle Capibaribe and around the São Francisco basin.
All investigations have demonstrated that the occurrence of extreme minimum rainfall in the Sub-basin 39 does not depend solely on ENSO, since important correlations do not reveal El Niño episodes. Therefore, it is most evident that severe and prolonged droughts in semi-arid areas are really influenced by the Atlantic dipole -entirely unfavorable to rainfall in this region.
The relation between the anomalous patterns of the Atlantic SST and the NEB climate was initially considered by Serra (1941) and then by Hastenrath and Heller (1977) . The atmospheric circulation anomalies induced by the spatial distribution of SST in both the Equatorial Pacific and in the Tropical Atlantic define the latitudinal position of the ITCZ, influencing, in this way, rainfall distribution over the Atlantic basin and northern South America (HASTENRATH, 1984; NOBRE; SRUKLA 1996) . Kayano and Andreoli (2006) examined the SST variability associated to extreme weather (droughts and floods) on the NEB. Analyses indicated that the inter-annual climate variations in the NEB are far more related with the SST variability in the South Atlantic than with the tropical Pacific. Moura et al. (2009) correlated the precipitation (March-June) over the eastern sector of the NEB with ocean SST anomalies. The analyses showed the influence of the Atlantic and the Pacific on rainfalls over the eastern sector. However, the highest correlation was that of the Atlantic. In the eastern Pacific Ocean, negative correlations indicated the presence of Walker cell descending branches. Mendonça and Danni-Oliveira (2007) observed that during El Niño, droughts of varying intensities during the rainy season (February to May) in the north central band NEB were most predictable. Alves (2012) , when analyzing precipitation interactions with thermal patterns of tropical oceans in the NEB, noted that the inter-annual rainfall variability, particularly over the northern sector, revealed that a decrease in rainfall had been affected by the ENSO cycle and by the phases of the SST dipole over the Tropical Atlantic.
To the North of the Sub-basin 39, Santos and Brito (2007) found correlations with statistical importance in the States of Paraíba and Rio Grande do Norte. Among other results, it was observed that extreme rainfall in the NEB was attributed to SST anomalies, a fact that explains the influence of ENSO. Likewise, when analyzing the dipole of the Atlantic, it became evident that the SST positive anomaly north of the equator, caused the ITCZ to move northwardly, inhibiting rainfall events and increasing drought in these two States. Santos and Manzi (2011) have also mentioned some similar results to the North -this time, in the State of Ceará. By analyzing various indexes, the authors observed an increase in SST anomalies in the Pacific Ocean and in the North Atlantic Ocean, inhibiting rainfall events and increasing the occurrence of droughts in Northern Ceará, due to a southern shifting of the ITCZ towards north. Araújo and Brito (2011) noticed that the SST in both the Pacific and Atlantic Oceans influences precipitation over the area under investigation. They observed as well that both the ENSO and the Atlantic Dipole exert related influences on the NEB climate.
The above mentioned studies reinforce that the eastern NEB, where the Sub-basin 39 is located, suffers no significant influence of the El Niño events (La Niña) due to its geographical location. The authors agree that the position of the ITCZ is by far the best indicator of extreme rainfall events in the NEB.
CONCLUSIONS
In the Sub-basin 39, the Atlantic Dipole should be taken as the most important ocean-atmospheric interaction system for determining the behavior of daily extreme precipitation events. However, the El Niño Southern Oscillation (ENSO) phenomenon does not have an important impact on these same events, probably due to the geographical position of the region under investigation.
In the case of maximum extreme events, the little influence of La Niña in addition to that of the Atlantic Dipole favorable to the formation of clouds, develops a decisive mix regarding the occurrence of rainy years occurrences. On the other hand, in minimum extreme events, the little influence of El Niño together with an Atlantic Dipole favorable to droughts, can determine the occurrence of dry years.
